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(57) A serial/parallel converter 101 converts a single 
stream of transmit data to a plurality of streams of trans- 
mit data, outputs first-stream transmit data and fourth- 
stream transmit data to error correction coding sections 
102 and 103, respectively, and outputs second-stream 
transmit data and third-stream transmit data to an IF FT 
section 106. The IFFT section 106 generates an OFDM 
signal using the second-stream transmit data and third- 



stream transmit data, together with first-stream and 
fourth-stream transmit data that has undergone error 
correction coding processing. A peak detector 107 de- 
tects peak power of the generated OFDM signal. If the 
detected peak power exceeds a threshold value, the 
IFFT section 106 re-generates an OFDM signal using a 
peak suppression signal from a peak suppression signal 
generator 108 instead of first-stream and fourth-stream 
transmit data. 
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Description 

Technical Field 

[0001] The present invention relates to a multicarrier 5 
transmission method communication apparatus, and 
more particularly to a multicarrier transmission method 
communication apparatus that suppresses peak power. 

Background Art 

[0002] A multicarrier transmission method communi- 
cation apparatus has been described in IEICE Technical 
Report RCS99-144. (1999-11) "Peak Power Suppres- 
sion with Parity Carrier for Multi-carrier Transmission". 
An above conventional multicarrier transmission meth- 
od communication apparatus will be described below. 
[0003] A drawback of a multicarrier transmission 
method is that peak power with respect to average pow- 
er increases in proportion to the number of carriers. 
Consequently, the influence of nonlinear distortion in a 
power amplifier becomes greater, and out-of-band 
spectral emission increases. 

[0004] in order to solve this problem, at the time peak 
power exceeding a particular threshold value appears, 
a compensation signal with the opposite phase of the 
multicarrier signal is generated, and a multicarrier signal 
is generated by assigning this signal to a specific carrier 
(a carrier provided separately from carriers for transmit- 
ting information signals) called a compensation carrier 
(parity carrier). 

[0005] By this means it is possible to suppress peak 
power of a multicarrier signal. 

[0006] However, in a communication apparatus in the 
above-described conventional multicarrier transmission 
method, the following problem is found. Namely, al- 
though assigning a compensation signal on a compen- 
sation carrier enables multicarrier signal peak power to 
be suppressed, the total number of carriers for transmit- 
ting information signals decreases to a corresponding 
extent. That is to say, a compensation carrier can be 
said to be a carrier that contributes to suppression of 
peak power but does not contribute to information trans- 
mission. As a result, with a communication apparatus in 
the above-described conventional multicarrier transmis- 
sion method, there is a problem that transmission effi- 
ciency is decreased. 

Disclosure of Invention 

[0007] It is an object of the present invention to pro- 
vide a multicarrier communication apparatus that sup- 
presses peak power while suppressing a decrease in 
transmission efficiency. 

[0008] The present inventors came to devise the 
present invention by noting that it is possible for a carrier 
wave for transmitting only a signal to suppress peak 
power to be used as a carrier wave for transmitting in- 
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formation signals when peak power that exceeds a 
threshold value does not occur in a multicarrier signal, 
and finding that it is possible to suppress the decrease 
in transmission efficiency by using all carrier waves for 
information signal transmission when peak power that 
exceeds a threshold value does not occur in a multicar- 
rier signal. 

[0009] The object of the present invention is achieved 
by superimposing information signals on all carrier 
waves when peak power does not occur in a multicarrier 
signal, and superimposing a signal for suppressing peak 
power instead of an information signal on a specific car- 
rier wave among all carrier waves when peak power oc- 
curs in a multicarrier signal. 

Brief Description of Drawings 

[0010] 

FIG.1 is a block diagram showing a configuration of 
a transmitting apparatus provided with a multicarri- 
er communication apparatus according to Embodi- 
ment 1 of the present invention; 
FIG.2 is a block diagram showing configuration of 
a receiving apparatus that performs radio commu- 
nications with a transmitting apparatus provided 
with a multicarrier communication apparatus ac- 
cording to Embodiment 1 of the present invention; 
FIG.3A is a schematic diagram showing an example 
of the format of transmit data input to the IFFT sec- 
tion in a transmitting apparatus provided with a mul- 
ticarrier communication apparatus according to 
Embodiment 1 of the present invention; 
FIG.3B is a schematic diagram showing an example 
of the format of transmit data input to the IFFT sec- 
tion in a transmitting apparatus provided with a mul- 
ticarrier communication apparatus according to 
Embodiment 1 of the present invention; 
FIG.4 is a block diagram showing configuration of 
a transmitting apparatus provided with a multicarri- 
er communication apparatus according to Embodi- 
ment 2 of the present invention; 
FIG. 5 is a block diagram showing a configuration of 
a transmitting apparatus provided with a multicarri- 
er communication apparatus according to Embodi- 
ment 3 of the present invention; 
FIG.6 is a block diagram showing a configuration of 
a receiving apparatus that performs radio commu- 
nications with a transmitting apparatus provided 
with a multicarrier communication apparatus ac- 
cording to Embodiment 3 of the present invention; 
and 

FIG. 7 is a block diagram showing a configuration of 
a transmitting apparatus provided with a multicarri- 
er communication apparatus according to Embodi- 
ment 4 of the present invention. 
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Best Mode for Carrying out the Invention 

[0011] With reference now to the accompanying 
drawings, embodiments of the present invention will be 
explained in detail below. In the following embodiments, 
the descriptions refer to an example in which the number 
of subcarriers used is four. 

(Embodiment 1) 

[0012] In this embodiment, subcarriers that transmit 
only peak suppression signals on a fixed basis and sub- 
carriers that transmit only information signals are not 
provided, but instead, subcarriers that transmit both 
peak suppression signals and information signals and 
subcarriers that transmit information signals are provid- 
ed. 

[001 3] FIG.1 is a block diagram showing the configu- 
ration of a transmitting apparatus provided with a multi- 
carrier communication apparatus according to Embod- 
iment 1 of the present invention. In FIG.1, a serial/par- 
allel (hereinafter referred to as "S/P") converter 101 con- 
verts a single stream of transmit data into a plurality of 
streams of transmit data (four streams here as an ex- 
ample). The number of streams is equivalent to the total 
number of carriers. Here, for convenience, the transmit 
data of the plurality of streams shown in FIG.1 is referred 
to in order from top to bottom as first-stream to fourth- 
stream transmit data. 

[0014] The S/P converter 101 sends standard-rate 
transmit data to an Inverse Fast Fourier Transform 
(hereinafter referred to as "IFFT") section 106 as sec- 
ond-stream transmit data and third-stream transmit da- 
ta. The S/P converter 101 also sends low-rate transmit 
data as first-stream transmit data and fourth-stream 
transmit data to an error correction coding section 102 
and error correction coding section 103, respectively. 
[0015] Error correction coding section 102 and error 
correction coding section 103 carry out predetermined 
error correction coding processing on first-stream trans- 
mit data and second-stream transmit data, respectively, 
and send transmit data that has undergone error cor- 
rection coding processing to a switch 104 and switch 

105, respectively. 

[0016] A peak suppression signal generator 108 per- 
forms generation of a peak suppression signal for switch 
104 and switch 105 based on a detection result from a 
peak detector 107 described later herein. Details of the 
peak suppression signal will be described later herein. 
[0017] Switch 104 is subjected to control by the peak 
detector 107 described later herein, and outputs first- 
stream transmit data from error correction coding sec- 
tion 102 or the peak suppression signal from the peak 
suppression signal generator 108 to the IFFT section 

106. Similarly, switch 105 is subjected to control by the 
peak detector 107 described later herein, and outputs 
fourth-stream transmit data from error correction coding 
section 1 03 or a peak suppression signal from the peak 



suppression signal generator 108 to the IFFT section 
106. 

[001 8] The IFFT section 1 06 is subjected to control by 
the peak detector 107 described later herein, and per- 
5 forms frequency division multiplexing processing by car- 
rying out IFFT (inverse fast Fourier transform) process- 
ing per symbol basis using first-stream transmit data 
through fourth-stream transmit data, or using second- 
stream transmit data and third-stream transmit data and 
two peak suppression signals. 

[0019] By means of this frequency division multiplex- 
ing processing, the IFFT section 106 generates an 
OFDM signal (multicarrier signal) in which first-stream 
transmit data through fourth-stream transmit data are 
superimposed on subcarriers, or an OFDM signal (mul- 
ticarrier signal) in which second-stream transmit data 
and third-stream transmit data and two peak suppres- 
sion signals are superimposed on subcarriers, on a 
symbol-by-symbol basis, and sends the generated sym- 
bol-basis OFDM signal to the peak detector 1 07. In or- 
der to simplify the description, the subcarrier on which 
first-stream transmit data or a peak suppression signal 
is superimposed will be designated "the first subcarrier", 
the subcarrier on which second-stream transmit data is 
superimposed will be designated "the second subcarri- 
er", the subcarrier on which third-stream transmit data 
is superimposed will be designated "the third subcarri- 
er", and the subcarrier on which fourth-streamtransmit 
data or a peak suppression signal is superimposed will 
be designated "the fourth subcarrier". 
[0020] The peak detector 1 07 measures the power of 
the OFDM signal from the IFFT section 106 for each 
symbol, and detects, on the OFDM signal for each sym- 
bol, whether or not peak power that exceeds a threshold 
value occurs. If peak power exceeding the threshold val- 
ue has not occurred in the OFDM signal, the peak de- 
tector 107 sends this OFDM signal of the symbol in 
which peak power has not occurred to a D/A converter 
110. 

[0021] If peak power exceeding the threshold value 
has occurred in the OFDM signal, the peak detector 1 07 
temporarily stores this OFDM signal for the symbol in 
which peak power has occurred, and also controls the 
IFFT section 106, peak suppression signal generator 
108, switch 104, and switch 105, in the following way. 
[0022] First, the peak detector 107 controls the IFFT 
section 1 06 so as to re-generate an OFDM signal for the 
symbol in which peak power exceeding the threshold 
value occurred. In addition, the peak detector 107 con- 
trols the peak suppression signal generator 108 so as 
to generate a peak suppression signal. 
[0023] The peak detector 1 07 also controls switch 1 04 
so that the peak suppression signal from the peak sup- 
pression signal generator 108 is output to the IFFT sec- 
tion 106 instead of first-stream transmit data from error 
correction coding section 102, and controls switch 105 
so that the peak suppression signal from the peak sup- 
pression signal generator 108 is output to the IFFT sec- 
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tion 106 instead of fourth-stream transmit data from er- 
ror correction coding section 103. 
[0024] By this means, it is possible for an OFDM sig- 
nal for a symbol having peak power exceeding a thresh- 
old value to be re-generated by the peak detector 107 
using second-stream transmit data, third-stream trans- 
mit data, and two peak suppression signals. The above- 
described second-stream transmit data and third- 
stream transmit data used by the IFFT section 106 are 
the same as the second-stream transmit data and third- 
stream transmit data for the symbol in which peak power 
occurred, respectively. 

[0025] If peak power exceeding the threshold value 
still occurs in the OFDM signal re-generated by the IFFT 
section 1 06, the peak detector 1 07 causes the peak sup- 
pression signal generator 108 to generate a peak sup- 
pression signal, and also controls the IFFT section 106 
so that re-generation of an OFDM signal for the symbol 
in which peak power occurred is continued, until a first 
repetition count reaches a stipulated number. At this 
time, when the first repetition count reaches the stipu- 
lated number, the peak detector 1 07 sends the tempo- 
rarily stored OFDM signal for the relevant symbol to a 
clipping circuit 109. 

[0026] The clipping circuit 109 performs clipping 
processing on an OFDM signal from the peak detector 
107, and sends the OFDM signal that has undergone 
clipping processing to the D/A converter 110. 
[0027] The D/A converter 110 performs D/A conver- 
sion processing on the OFDM signal from the peak de- 
tector 107 or clipping circuit 109, converting the OFDM 
signal to an analog signal. 

[0028] A multiplier 112 performs modulation process- 
ing on the OFDM signal that has been converted to an 
analog signal by multiplying the OFDM signal converted 
to an analog signal by a local signal from an oscillator 
111. After undergoing modulation processing, the 
OFDM signal is transmitted to the communicating party 
via an antenna 113. 

[0029] FIG.2 is a block diagram showing the configu- 
ration of a receiving apparatus that performs radio com- 
munications with a transmitting apparatus provided with 
a multicarrier communication apparatus according to 
Embodiment 1 of the present invention. In FIG.2, a sig- 
nal transmitted by a communicating party is received by 
an antenna 201 . This communicating party has the con- 
figuration shown in FIG.1. 

[0030] A multiplier 203 multiplies a signal received by 
the antenna 201 (received signal) by a local signal from 
an oscillator 202 to generate a demodulated signal. An 
A/D converter 204 performs A/D conversion processing 
on the demodulated signal from the multiplier 203, 
thereby converting the demodulated signal to a digital 
signal. 

[0031] A Fast Fourier Transform (hereinafter referred 
to as "FFT") section 205 extracts the signal transmitted 
by each subcarrier (that is, the first subcarrier through 
fourth subcarrier) by carrying out FFT (Fast Fourier 



Transform) processing on the demodulated signal that 
has been converted to a digital signal. In order to simplify 
the description, the signals transmitted by means of the 
first subcarrier through fourth subcarrier will be desig- 
5 nated "first demodulated signal" through "fourth demod- 
ulated signal", respectively. 

[0032] The FFT section 205 sends the first demodu- 
lated signal and fourth demodulated signal to an error 
correction decoding section 206 and error correction de- 
10 coding section 207, respectively, and sends the second 
demodulated signal and third demodulated signal to a 
parallel/serial (hereinafter referred to as "P/S") convert- 
er 208. 

[0033] Error correction decoding section 206 per- 
15 forms error correction decoding processing on the first 
demodulated signal, and sends the first demodulated 
signal that has undergone error correction decoding 
processing to the P/S converter 208. Error correction 
decoding section 207 performs error correction decod- 
20 ing processing on the fourth demodulated signal, and 
sends the fourth demodulated signal that has under- 
gone error correction decoding processing to the P/S 
converter 208. The error correction decoding process- 
ing used by error correction decoding section 206 and 
25 error correction decoding section 207 corresponds to 
the error correction coding processing used by the com- 
municating party. 

[0034] The P/S converter 208 converts the plurality of 
streams of demodulated signals (that is, the first demod- 

30 ulated signal and fourth demodulated signal that have 
undergone error correction decoding processing, and 
the second demodulated signal and third demodulated 
signal) to a single stream of demodulated data. 
[0035] Next, the operation of a transmitting apparatus 

35 provided with a multicarrier communication apparatus 
according to this embodiment, and the operation of a 
receiving apparatus that performs radio communica- 
tions with this transmitting apparatus, will be described 
with reference to FIG.1 and FIG.2, and also to FIG.3 (a) 

40 and FIG.3 (b). FIG.3 (a) and FIG.3 (b) are schematic 
diagrams showing examples of the format of transmit 
data input to the IFFT section 106 in a transmitting ap- 
paratus provided with a multicarrier communication ap- 
paratus according to Embodiment 1 of the present in- 

45 vention. 

[0036] In FIG.1, a single stream of transmit data is 
converted to first-stream transmit data through fourth- 
stream transmit data by the S/P converter 101. Second- 
stream transmit data and third-stream transmit data are 

so sent to the IFFT section 106 with their information trans- 
mission speed as the standard rate. First-stream trans- 
mit data and fourth-stream transmit data are sent to the 
error correction coding section 102 and error correction 
coding section 103, respectively, with their information 

55 transmission speed as a low rate. The reason for using 
a lower rate for first-stream transmit data and fourth- 
stream transmit data than for second-stream transmit 
data and third-stream transmit data is to ensure that the 
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rate of first-stream transmit data and fourth-stream 
transmit data after error correction coding processing is 
the same as the rate of second-stream transmit data and 
third-stream transmit data. 

[0037] First-stream transmit data and fourth-stream 
transmit data undergo predetermined error correction 
coding processing by error correction coding section 
102 and error correction coding section 103, respective- 
ly. As the aforesaid predetermined error correction cod- 
ing processing it is possible to use error correction cod- 
ing processing that employs a block code (hamming 
code, BCH code, Reed-Solomon code, fire code, etc.), 
or to use error correction coding processing that em- 
ploys a convolutional code (turbo code, auto-orthogonal 
code, Hagelbarger code, Iwadare code, etc.). 
[0038] First-stream transmit data and fourth-stream 
transmit data that have undergone error correction cod- 
ing processing by error correction coding section 102 
and error correction coding section 103 are sent to 
switch 104 and switch 105, respectively. As a result of 
this error correction coding processing, the rate of first- 
stream transmit data and fourth-stream transmit data 
that have undergone error correction coding processing 
becomes equal to the rate of second-stream transmit 
data and third-stream transmit data. 
[0039] When this apparatus is in the normal state 
(when peak power that exceeds a threshold value has 
not been detected by the peak detector 1 07 in an OFDM 
signal generated by the IF FT section 106), switch 104 
and switch 105 are controlled by the peak detector 107 
so as to output, respectively, first-stream transmit data 
from error correction coding section 102 and fourth- 
stream transmit data from error correction coding sec- 
tion 103 to the IFFT section 106. Consequently, first- 
stream through fourth-stream transmit data is input to 
the IFFT section 106. First-stream through fourth- 
stream transmit data input to the IFFT section 106 all 
has the same rate (see FIG. 3 (a)). 
[0040] In the IFFT section 106, IFFT processing (that 
is, frequency division multiplexing processing) using 
first-stream through fourth-stream transmit data is car- 
ried out. As a result of this frequency division multiplex- 
ing processing, an OFDM signal is generated in which 
first-stream transmit data through fourth-stream trans- 
mit data are superimposed, respectively, on the first 
subcarrier through fourth subcarrier. The generated 
OFDM signal is sent to the peak detector 107. 
[0041] In the peak detector 107, the power of the 
OFDM signal from the IFFT section 106 is measured on 
a symbol-by-symbol basis, and detection is carried out 
as to whether or not peak power exceeding a threshold 
value has occurred in the OFDM signal for each symbol. 
[0042] If peak power exceeding the threshold value 
has not occurred in the OFDM signal from the IFFT sec- 
tion 106, this OFDM signal for a symbol in which peak 
power has not occurred is sent to the D/A converter 1 1 0. 
[0043] If, on the other hand, peak power exceeding 
the threshold value has occurred in the OFDM signal 



from the IFFT section 106, this OFDM signal for a sym- 
bol in which peak power has occurred is stored tempo- 
rarily, and the apparatus switches from the normal state 
to a peak suppression state. For example, referring to 

5 FIG.3 (a), if peak power exceeding the threshold value 
occurs in the OFDM signal for symbol 301, the OFDM 
signal for symbol 301 is temporarily stored and the ap- 
paratus switches from the normal state to the peak sup- 
pression state. The OFDM signal for symbol 301 has 

10 been generated by IFFT processing using signal "SI" 
through signal "S4'' respectively as the first-stream 
through fourth-stream signals. 

[0044] When the apparatus switches to the peak sup- 
pression state, the following processing is carried out. 

15 Acontrol signal is sent from the peak detector 107 to the 
IFFT section 106 to have re-generation of the OFDM 
signal for the symbol in which peak power exceeded the 
threshold value performed. In addition, a control signal 
is sent from the peak detector 107 to the peak suppres- 

20 sion signal generator 108 to have a peak suppression 
signal output to switch 104 and switch 105. 
Peak detector 107 outputs to peak suppression signal 
generator 108 a control signal to instruct the generator 
108 to output a peak suppression signal to switch 104 

25 and switch 105. 

Also, a control signal is sent from the peak detector 107 
to switch 104 to have the peak suppression signal from 
the peak suppression signal generator 1 08 output to the 
IFFT section 1 06 instead of first-stream transmit data 

30 from error correction coding section 102, and a control 
signal is sent from the peak detector 107 to switch 105 
to have the peak suppression signal from the peak sup- 
pression signal generator 1 08 output to the IFFT section 
106 instead of fourth-stream transmit data from error 

35 correction coding section 103. 

[0045] On receiving an above-described control sig- 
nal from the peak detector 107, the peak suppression 
signal generator 108 performs generation of a peak sup- 
pression signal to switch 104 and switch 105. 

40 [0046] The peak suppression signals generated by 
the peak detector 107 in this case are as follows. Ap- 
propriate (random) signals are generated as signals to 
replace first-stream transmit data and fourth-stream 
transmit data. The peak suppression signals output to 

45 switch 104 and switch 105 may be the same signal or 
different signals. According to the scale of the IFFT sec- 
tion 106, these appropriate signals may be selected 
from (1) a signal of unlimited amplitude and phase, (2) 
a signal of limited amplitude, (3) a signal of limited 

50 phase, (4) a signal of limited amplitude and phase, and 
so forth. 

[0047] When (4) is used as a peak suppression signal 
(that is, when a QPSK or similar signal of limited ampli- 
tude and phase is used), in particular, if the total number 
55 of subcamers is small it is possible to compute IFFT 
computation results offline beforehand, and store these 
computation results as a look-up table. By using this 
look-up table, IFFT computation results can be readily 
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obtained according to the signal input to the IFFT sec- 
tion 1 06. Consequently, the amount of processing in the 
IFFT section 106 can be reduced, and the scale of cir- 
cuitry of the IFFT section 106 can be made smaller. 
[0048] When (2) or (3) is used as a peak suppression 
signal, also, signals input to the IFFT section 106 are 
limited, and therefore the computing element that per- 
forms IFFT computations can be simplified, and it is also 
possible to compute IFFT computation results offline be- 
forehand. Consequently, the scale of circuitry of the 
IFFT section can be made smaller. 
[0049] In this embodiment, a procedure is used 
whereby an OFDM signal is generated using an appro- 
priate (random) signal as a peak suppression signal, 
and if peak power that exceeds a threshold value still 
occurs in the generated OFDM signal, an OFDM signal 
is generated using a different appropriate (random) sig- 
nal from that aforementioned as a peak suppression sig- 
nal. 

[0050] As a result, peak suppression signals are input 
to the IFFT section 106 instead of first-stream transmit 
data and fourth-stream transmit data together with sec- 
ond-stream transmit data and third-stream transmit da- 
ta. For example, referring to FIG. 3 (b), in order to gen- 
erate an OFDM signal for above-described symbol 301 , 
peak suppression signal "P1 " and peak suppression sig- 
nal "P2" are input to the IFFT section 106 instead of sig- 
nal "S1 n and signal "$4 n , respectively, together with sig- 
nal "S2" and signal "S3". Signal "S2" and signal "S3" are 
the same as signal "S2" and signal "S3", respectively, 
input to the IFFT section 106 in the above-described 
normal state (FIG.3 (a)). 

[0051] In the IFFT section 106, it is recognized from 
a control signal from the peak detector 107 that the ap- 
paratus has switched to the peak suppression state. As 
a result, in the IFFT section 1 06 an OFDM signal for the 
symbol in which peak power exceeded the threshold 
value (symbol 301 ) is re-generated by the peak detector 
107. That is, an OFDM signal is generated in which a 
peak suppression signal is superimposed on the first 
subcarrier and fourth subcarrier, and second-stream 
transmit data and third-stream transmit data are super- 
imposed on the second subcarrier and third subcarrier, 
respectively. For example, referring to FIG.3 (b), an 
OFDM signal is generated in which peak suppression 
signal "P1 " and peak suppression signal "P2" are super- 
imposed on the first subcarrier and fourth subcarrier, re- 
spectively, and signal "S2" and signal "S3" are superim- 
posed on the second subcarrier and third subcarrier, re- 
spectively. 

[0052] Here, the peak suppression signals input to the 
IFFT section 106 are appropriate (random) signals, and 
so are signals having a possibility of suppressing the 
peak power of the OFDM signal generated by the IFFT 
section 106. Therefore, there is a possibility that the 
OFDM signal re-generated by the IFFT section 106 will 
be a signal with its peak power suppressed. 
[0053] For the OFDM signal re-generated by the IFFT 



section 106, the peak detector 107 detects whether or 
not peak power exceeding the threshold value has oc- 
curred, as described above. If peak power exceeding 
the threshold value has not occurred in the re-generated 
5 OFDM signal, this re-generated OFDM signal is sent to 
the D/A converter 110. 

[0054] If, on the other hand, peak power exceeding 
the threshold value still occurs in the re-generated 
OFDM signal, a control signal is sent from the peak de- 

10 tector 107 to the IFFT section 1 06 to have re-generation 
of the OFDM signal for that symbol carried out, and a 
control signal is sent again from the peak detector 107 
to the peak suppression signal generator 108 to have a 
peak suppression signal output to switch 104 and switch 

15 1 05. At this time, the first repetition count for OFDM sig- 
nal re-generation is incremented in the peak detector 
107. 

[0055] On receiving this control signal, the peak sup- 
pression signal generator 108 again performs genera- 

20 tion of a peak suppression signal to switch 104 and 
switch 105. At this time, an appropriate signal different 
from the above-mentioned appropriate signal is gener- 
ated as a peak suppression signal. 
[0056] As a result, in the IFFT section 106 an OFDM 

25 signal is re-generated for a symbol in which peak power 
exceeding the threshold value occurred by the peak de- 
tector 107 using new peak suppression signals, and, as 
described above, detection is performed for the re-gen- 
erated OFDM signal by the peak detector 107 as to 

30 whether or not peak power exceeding the threshold val- 
ue has occurred. 

[0057] Thereafter, the above-described kind of re- 
generation of an OFDM signal for the same symbol is 
repeated, replacing the peak suppression signals by dif- 

35 ferent appropriate signals, until peak power exceeding 
the threshold value no longer occurs in the re-generated 
OFDM signal. However, if the first repetition count 
reaches a stipulated value, the OFDM signal temporarily 
stored by the peak detector 107 is sent to the clipping 

40 circuit 109. 

[0058] This temporarily stored OFDM signal is sub- 
jected to clipping processing by the clipping circuit 109. 
Methods that can be used for clipping processing in the 
clipping circuit 1 09 include cutting power at or above the 

45 threshold value in the OFDM signal, and bringing the 
OFDM signal power below the threshold value by low- 
ering the overall level of the OFDM signal. 
[0059] An OFDM signal that has undergone clipping 
processing is sent to the D/A converter 110. As a result, 

50 the apparatus switches from the peak suppression state 
to the normal state. 

[0060] In the D/A converter 110, the OFDM signal 
from the peak detector 1 07 or clipping circuit 1 09 under- 
goes D/A conversion processing that converts it to an 
55 analog signal. The OFDM signal that has been convert- 
ed to an analog signal undergoes modulation process- 
ing by being multiplied by a local signal from an oscillator 
111 in the multiplier 112. After undergoing modulation 
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processing, the OFDM signal is transmitted to the re- 
ceiving apparatus via the antenna 113. 
[0061] In FIG.2, a signal transmitted by a transmitting 
apparatus provided with a multicarrier communication 
apparatus according to this embodiment is received by 
the antenna 201 . A demodulated signal is generated by 
multiplying a signal received by the antenna 201 (re- 
ceived signal) by a local signal from the oscillator 202 
in the multiplier 203. The generated demodulated signal 
is converted to a digital signal by being subjected to N 
D conversion processing by the A/D converter 204. 
[0062] The demodulated signal that has been con- 
verted to a digital signal undergoes FFT processing by 
the FFT section 205, whereby the signals transmitted 
by means of the first subcarrier through fourth subcarrier 
are extracted. That is, the first demodulated signal 
through fourth demodulated signal are extracted by the 
FFT section 205. In this embodiment, the extracted first 
demodulated signal through fourth demodulated signal 
correspond to the signals superimposed by means of 
the first subcarrier through fourth subcarrier, respective- 
ly, shown in FIG.3 (b). 

[0063] The first demodulated signal and fourth de- 
modulated signal contain a peak suppression signal in 
a symbol for which peak power exceeding the threshold 
value occurs in the OFDM signal. For example, referring 
to FIG.3 (b), the first demodulated signal and fourth de- 
modulated signal contain a peak suppression signal, not 
a normal information signal, in symbol 301. For the re- 
ceiving apparatus, these peak suppression signals are 
unnecessary interference signal components. There- 
fore, there is a possibility that the first demodulated sig- 
nal and fourth demodulated signal will, left as they are, 
be signals containing an error. 

[0064] Thus the first demodulated signal and fourth 
demodulated signal are sent to error correction decod- 
ing section 206 and error correction decoding section 
207, respectively. The second demodulated signal and 
third demodulated signal are sent to the P/S converter 
208. 

[0065] The first demodulated signal and fourth de- 
modulated signal undergo error correction decoding 
processing by error correction decoding section 206 and 
error correction decoding section 207, respectively. As 
a result, the part corresponding to the peak suppression 
signal in the first demodulated signal and fourth demod- 
ulated signal is corrected to an appropriate signal. For 
example, referring to FIG.3 (a) and FIG.3 (b), by means 
of error correction processing, signal "P1" and signal 
"P2" in the first demodulated signal are corrected to the 
respective information signals which are not subjected 
to the error correction coding in the transmitting appa- 
ratus. After error correction processing, the first demod- 
ulated signal and fourth demodulated signal are sent to 
the P/S converter 208. 

[0066] In the P/S converter 208, the second demod- 
ulated signal and third demodulated signal, together 
with the first demodulated signal and fourth demodulat- 



ed signal that have undergone error correction decoding 
processing, are converted to a single stream of decoded 
data. This concludes the description of the operation of 
a transmitting apparatus provided with a multicarrier 
5 communication apparatus according to this embodi- 
ment, and the operation of a receiving apparatus that 
performs radio communications with this transmitting 
apparatus. 

[0067] Thus, in this embodiment, subcarriers that 

10 transmit only peak suppression signals on a fixed basis 
and subcarriers that transmit only information signals 
are not provided, but instead, compensation subcarriers 
that transmit both peak suppression signals and infor- 
mation signals and information subcarriers that transmit 

15 information signals are provided. 

[0068] Also, in the normal state, a normal-rate infor- 
mation signal is superimposed on an information sub- 
carrier, while a signal for which error correction coding 
processing has been executed on an information signal 

20 that has a lower rate than the normal rate is superim- 
posed on a compensation subcarrier. In the peak sup- 
pression state, on the other hand, a peak suppression 
signal is superimposed on a compensation subcarrier, 
while the same kind of information signal as in the nor- 

25 mal state is superimposed on an information subcarrier. 
[0069] According to this kind of configuration, in the 
peak suppression state it is possible to effectively sup- 
press peak power in an OFDM signal by superimposing 
peak suppression signals on compensation subcarriers, 

30 and in the normal state it is possible to suppress a drop 
in transmission efficiency by superimposing information 
signals on all subcarriers (information subcarriers and 
compensation subcarriers). 

[0070] Moreover, although, in the case of peak sup- 

35 pression, a signal transmitted by means of a compen- 
sation subcarrier contains a peak suppression signal 
(that is, an erroneous signal), not an information signal, 
the information signal superimposed on this compensa- 
tion subcarrier is subjected to error correction coding 

40 processing. Consequently, a signal transmitted by 
means of a compensation carrier becomes a signal in 
which the erroneous part (the peak suppression signal 
part) has been corrected by execution of error correction 
decoding processing by the receiving side apparatus. 

45 That is to say, an information signal superimposed on a 
compensation subcarrier is received in good condition 
by the receiving side apparatus. 
[0071] As described above, according to this embod- 
iment, it is possible to provide a multicarrier communi- 

50 cation apparatus that suppresses peak power while 
suppressing a drop in transmission efficiency. 
[0072] In this embodiment a case where the number 
of subcarriers used is four has been described as an 
example, but there is no limit on the number of subcar- 

55 riers used. Also, in this embodiment a case where two 
compensation subcarriers on which information signals 
and peak suppression signals are superimposed are 
used (in this embodiment, the first subcarrier and fourth 
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subcarrier) has been described as an example, but it is 
possible to change the number of compensation sub- 
carriers according to various conditions such as the sit- 
uation regarding peak power suppression by means of 
peak suppression signals. 

(Embodiment 2) 

[0073] In this embodiment, subcarriers that transmit 
only peak suppression signals on a fixed basis and sub- 
carriers that transmit only information signals are not 
provided, but instead, only subcarriers for transmitting 
information signals are provided, and a predetermined 
number of these subcarriers are used as subcarriers on 
which transmission of information signals is halted when 
peak power that exceeds a threshold value occurs in an 
OFDM signal. 

[0074] A transmitting apparatus provided with a mul- 
ticarrier communication apparatus according to this em- 
bodiment will be described below with reference to FIG. 
4. FIG.4 is a block diagram showing the configuration of 
a transmitting apparatus provided with a multicarrier 
communication apparatus according to Embodiment 2 
of the present invention. Parts in FIG.4 identical to those 
in Embodiment 1 (FIG.I)are assigned the same codes 
as in FIG.1 and their detailed explanations are omitted. 
[0075] In FIG.4, a peak detector 401 , in the same way 
as the peak detector 107 in Embodiment 1, measures 
the power of an OFDM signal from the IFFT section 1 06 
for each symbol, and detects, for the OFDM signal in 
each symbol, whether or not peak power that exceeds 
a threshold value occurs. This peak detector 401 differs 
from the peak detector 107 in Embodiment 1 in the fol- 
lowing respect. 

[0076] If peak power exceeding the threshold value 
occurs in the OFDM signal, the peak detector 401 tem- 
porarily stores this OFDM signal for the symbol in which 
peak power occurred, notifies a transmission halting 
section 402 that peak power exceeding the threshold 
value has occurred, and controls the IFFT section 106 
so as to re-generate an OFDM signal for the symbol in 
which peak power exceeded the threshold value. 
[0077] When the transmission halting section 402 rec- 
ognizes from the notification from the peak detector 401 
that peak power exceeding the threshold value has oc- 
curred in an OFDM signal, it controls switch 104 so as 
to halt output of first-stream transmit data from error cor- 
rection coding section 102 to the IFFT section 106, and 
also controls switch 105 so as to halt output of fourth- 
stream transmit data from error correction coding sec- 
tion 103 to the IFFT section 106. 
[0078] If peak power exceeding the threshold value 
still occurs in the OFDM signal re-generated by the IFFT 
section 106, the peak detector 401 sends the temporar- 
ily stored OFDM signal for the relevant symbol to the 
clipping circuit 109. 

[0079] The configuration of a receiving apparatus that 
performs radio communications with a transmitting ap- 



paratus provided with a multicarrier communication ap- 
paratus according to this embodiment is the same as 
that described in Embodiment 1 (FIG.2), and a detailed 
description thereof will be omitted here. 

5 [0080] Next, the operation of a transmitting apparatus 
provided with a multicarrier communication apparatus 
according to this embodiment will be described with ref- 
erence again to FIG.4. When this apparatus is in the nor- 
mal state, switch 104 and switch 105 are controlled by 

10 the transmission halting section 402 so as to output, re- 
spectively, first-stream transmit data from error correc- 
tion coding section 1 02 and fourth-stream transmit data 
from error correction coding section 103 to the IFFT sec- 
tion 106. 

15 [0081] In the IFFT section 106, IFFT processing (that 
is, frequency division multiplexing processing) using 
first-stream through fourth-stream transmit data is car- 
ried out. As a result of this frequency division multiplex- 
ing processing, an OFDM signal is generated in which 

20 first-stream transmit data through fourth-stream trans- 
mit data are superimposed, respectively, on the first 
subcarrier through fourth subcarrier. The generated 
OFDM signal is sent to the peak detector 401 . 
[0082] In the peak detector 401 , the power of the 

25 OFDM signal from the IFFT section 1 06 is measured for 
each symbol, and detection is carried out as to whether 
or not peak power exceeding a threshold value has oc- 
curred in the OFDM signal for each symbol. 
[0083] If peak power exceeding the threshold value 

30 has not occurred in the OFDM signal from the I FFT sec- 
tion 106, this OFDM signal for a symbol in which peak 
power has not occurred is sent to the D/A converter 110. 
[0084] If, on the other hand, peak power exceeding 
the threshold value has occurred in the OFDM signal 

35 from the IFFT section 106, this OFDM signal for a sym- 
bol in which peak power has occurred is stored tempo- 
rarily, and the apparatus switches from the normal state 
to a peak suppression state. 

[0085] When the apparatus switches to the peak sup- 

40 pression state, the following processing is carried out. 
Acontrol signal is sent from the peak detector 401 to the 
IFFT section 106 to have re-generation of the OFDM 
signal for the symbol in which peak power exceeded the 
threshold value performed. 

45 [0086] In addition, the transmission halting section 
402 is notified by the peak detector 401 of the fact that 
peak power exceeding the threshold value has occurred 
in the OFDM signal. Consequently, switch 104 is con- 
trolled by the transmission halting section 402 so as to 

50 halt output of first-stream transmit data from error cor- 
rection coding section 1 02 to the IFFT section 1 06. Sim- 
ilarly, switch 1 05 is controlled by the transmission halting 
section 402 so as to halt output of fourth-stream transmit 
data from error correction coding section 1 03 to the IFFT 

55 section 106. 

[0087] As a result, an OFDM signal for a symbol in 
which peak power exceeding the threshold value oc- 
curred is generated by the peak detector 401 with only 
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second-stream transmit data and third-stream transmit 
data input in the IFFT section 106. That is to say, an 
OFDM signal is generated in which second-stream 
transmit data and third-stream transmit data are super- 
imposed, respectively, on only the second subcarrier 
and third subcarrier. 

[0088] Here, no signals whatever are superimposed 
on the first subcarrier and fourth subcarrier. In other 
words, It can be said that a signal with an amplitude of 
generally zero is multiplexed on the first subcarrier and 
fourth subcarrier. Thus, the number of subcarriers on 
which an information signal is superimposed is reduced 
from four to two. Therefore, an OFDM signal re-gener- 
ated by the IFFT section 106 has peak power sup- 
pressed. 

[0089] As described above, detection is performed by 
the peak detector 401 for an OFDM signal re-generated 
by the IFFT section 1 06 as to whether or not peak power 
exceeding the threshold value has occurred. If peak 
power exceeding the threshold value has not occurred 
in a re-generated OFDM signal, this re-generated 
OFDM signal is sent to the D/A converter 110. If, on the 
other hand, peak power exceeding the threshold value 
still occurs in the re-generated OFDM signal, the above- 
mentioned temporarily stored OFDM signal is sent to the 
clipping circuit 109. The apparatus then switches from 
the peak suppression state to the normal state. 
[0090] Details of the clipping circuit 1 09 and D/A con- 
verter 110 are the same as for Embodiment 1.A modu- 
lated OFDM signal transmitted by a transmitting appa- 
ratus provided with a multicarrier communication appa- 
ratus according to this embodiment is received by the 
receiving apparatus shown in FIG. 2 via the antenna 113. 
[0091] Referring to FIG.2, as described in Embodi- 
ment 1 , signals transmitted by means of the first sub- 
carrier through fourth subcarrier are extracted by per- 
forming FFT processing on the (a) demodulated signal 
that has been converted to a digital signal subjected to 
FFT processing in the FFT section 205.That is, the first 
demodulated signal through fourth demodulated signal 
are extracted by the FFT section 205. 
[0092] The first demodulated signal and fourth de- 
modulated signal transmitted by means of the first sub- 
carrier and fourth subcarrier, respectively, contain an er- 
ror in a symbol for which peak power exceeding the 
threshold value occurs in the OFDM signal. Therefore, 
there is a possibility that the first demodulated signal and 
fourth demodulated signal will, left as they are, be sig- 
nals containing an error. 

[0093] Thus the first demodulated signal and fourth 
demodulated signal are sent to error correction decod- 
ing section 206 and error correction decoding section 
207, respectively, and undergo error correction decod- 
ing processing. As a result, the erroneous part in the first 
demodulated signal and fourth demodulated signal is 
corrected to an appropriate signal. 
[0094] Thus, in this embodiment, subcarriers that 
transmit only peak suppression signals on a fixed basis 



and subcarriers that transmit only information signals 
are not provided, but instead, only information subcar- 
riers for transmitting information signals are provided, 
and a predetermined number of specific subcarriers 
5 among these subcarriers are used as subcarriers on 
which transmission of information signals is halted when 
peak power that exceeds a threshold value occurs in an 
OFDM signal. 

[0095] Also, in the normal state, a signal for which er- 
ror correction coding processing has been executed on 
an information signal that has a lower rate than the nor- 
mal rate is superimposed on a specific subcarrier, while 
a normal-rate information signal is superimposed on an 
information subcarrier other than a specific subcarrier. 
In the peak suppression state, on the other hand, infor- 
mation signals are not superimposed on specific sub- 
carriers, but are superimposed only on other information 
subcarriers. 

[0096] According to this kind of configuration, in the 
peak suppression state it is possible to effectively sup- 
press peak power in an OFDM signal by not superim- 
posing information signals on specific carriers, and in 
the normal state it is possible to suppress a drop in trans- 
mission efficiency by superimposing information signals 
on all subcarriers. 

[0097] Moreover, although, in the case of peak sup- 
pression, a signal transmitted by means of a specific 
subcarrier does not contain an information signal, an in- 
formation signal superimposed on this specific subcar- 
rier is subjected to error correction coding processing. 
Consequently, a signal transmitted by means of this 
specific carrier becomes a signal in which the erroneous 
part (the part on which an information signal is not su- 
perimposed) has been corrected by execution of error 
correction decoding processing by the receiving side 
apparatus. That is to say, an information signal super- 
imposed on a specific subcarrier is received in good 
condition by the receiving side apparatus. 
[0098] As described above, according to this embod- 
iment, it is possible to provide a multicarrier communi- 
cation apparatus that suppresses peak power while 
suppressing a drop in transmission efficiency. 
[0099] In this embodiment a case where the number 
of subcarriers used is four has been described as an 
example, but there is no limit on the number of subcar- 
riers used. Also, in this embodiment a case where the 
number of specific subcarriers on which information sig- 
nal transmission is halted when peak power exceeding 
a threshold value occurs is two has been described as 
an example, but it is possible to change the number of 
specific subcarriers according to various conditions 
such as the situation regarding peak power suppression 
by halting information signal transmission. 



[0100] In this embodiment, subcarriers that transmit 
only peak suppression signals on a fixed basis and sub- 
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carriers that transmit only information signals are not 
provided, but instead, all subcarriers are provided as 
subcarriers that can transmit both peak suppression sig- 
nals and information signals, and moreover, in the nor- 
mal state information signals are superimposed on all 
subcarriers, while in the peak suppression state peak 
suppression signals are superimposed on a subcarrier 
selected from among all the subcarriers. 
[0101] A transmitting apparatus provided with a mul- 
ticarrier communication apparatus according to this em- 
bodiment will be described below with reference to FIG. 
5. FIG.5 is a block diagram showing the configuration of 
a transmitting apparatus provided with a multicarrier 
communication apparatus according to Embodiment 3 
of the present invention. Parts in FIG.5 identical to those 
in Embodiment 1 (FIG.1) are assigned the same codes 
as in FIG.1 and their detailed explanations are omitted. 
[0102] In FIG.5, an S/P converter 501 converts a sin- 
gle stream of transmit data into a plurality of streams of 
transmit data (four streams here as an example), in the 
same way as the S/P converter 1 01 in Embodiment 1 . 
Here, for convenience, the transmit data of the plurality 
of streams shown in FIG.5 is referred to in order from 
top to bottom as first-stream to fourth-stream transmit 
data. The S/P converter 501 sends first-stream through 
fourth-stream transmit data to switch 504 through switch 
507, respectively, all as transmit data with the same rate. 
[0103] A peak detector 503, in the same way as the 
peak detector 1 07 in Embodiment 1 , measures the pow- 
er of an OFDM signal from the IF FT section 106 for each 
symbol, and detects, for the OFDM signal in each sym- 
bol, whether or not peak power that exceeds a threshold 
value occurs. 

[0104] If peak power exceeding the threshold value 
does not occur in the OFDM signal, the peak detector 
503 sends this OFDM signal for a symbol in which peak 
power has not occurred to the D/A converter 110. 
[0105] If peak power exceeding the threshold value 
occurs in the OFDM signal, the peak detector 503 tem- 
porarily stores this OFDM signal for a symbol in which 
peak power occurred, notifies a compensation carrier 
determination section 502 that peak power exceeding 
the threshold value has occurred, controls the IFFT sec- 
tion 106 so as to re-generate an OFDM signal for the 
symbol in which peak power exceeded the threshold 
value, and controls the peak suppression signal gener- 
ator 108 so as to generate a peak suppression signal. 
[0106] If peak power exceeding the threshold value 
still occurs in the OFDM signal re-generated by the IFFT 
section 1 06, the peak detector 503 causes the peak sup- 
pression signal generator 108 to generate a peak sup- 
pression signal, and also controls the IFFT section 106 
so that re-generation of an OFDM signal for the symbol 
in which peak power occurred is continued, until a sec- 
ond repetition count reaches a stipulated number. At this 
time, when the second repetition count reaches the stip- 
ulated number, the peak detector 503 sends the tempo- 
rarily stored OFDM signal for the relevant symbol to the 



clipping circuit 109. 

[0107] The compensation carrier determination sec- 
tion 502 performs switching control for switch 504 
through switch 507 in accordance with the notification 
5 from the peak detector 503-that is, according to whether 
or not peak power exceeding the threshold value has 
occurred in the OFDM signal generated by the IFFT sec- 
tion 106. 

[0108] FIG.6 is a block diagram showing the configu- 

10 ration of a receiving apparatus that performs radio com- 
munications with a transmitting apparatus provided with 
a multicarrier communication apparatus according to 
Embodiment 3 of the present invention. Parts in FIG.6 
identical to those in Embodiment 1 (FIG.2) are assigned 

15 the same codes as in FIG.2 and their detailed explana- 
tions are omitted. In FIG.6, unlike Embodiment 1 , the 
first demodulated signal through fourth demodulated 
signal extracted by the FFT section 205 are all sent to 
the P/S converter 208 without undergoing error correc- 

20 tion decoding processing. 

[01 09] Next, the operation of a transmitting apparatus 
provided with a multicarrier communication apparatus 
according to this embodiment will be described with ref- 
erence again to FIG.5. When this apparatus is in the nor- 

25 mal state, switch 504 through switch 507 are controlled 
by the compensation carrier determination section 502 
so as to output first-stream through fourth-stream trans- 
mit data from the S/P converter 501 to the IFFT section 
106. 

30 [0110] In the IFFT section 106, IFFT processing (that 
is, frequency division multiplexing processing) using 
first-stream through fourth-stream transmit data is car- 
ried out. As a result of this frequency division multiplex- 
ing processing, an OFDM signal is generated in which 

35 first-stream transmit data through fourth-stream trans- 
mit data are superimposed, respectively, on the first 
subcarrier through fourth subcarrier. The generated 
OFDM signal is sent to the peak detector 503. 
[0111] In the peak detector 503, the power of the 

40 OFDM signal from the IFFT section 1 06 is measured for 
each symbol, and detection is carried out as to whether 
or not peak power exceeding a threshold value has oc- 
curred in the OFDM signal for each symbol. 
[0112] If peak power exceeding the threshold value 

45 has not occurred in the OFDM signal from the IFFT sec- 
tion 106, this OFDM signal for a symbol in which peak 
power has not occurred is sent to the D/A converter 110. 
[0113] If, on the other hand, peak power exceeding 
the threshold value has occurred in the OFDM signal 

so from the IFFT section 1 06, this OFDM signal for a sym- 
bol in which peak power has occurred is stored tempo- 
rarily, and the apparatus switches from the normal state 
to a peak suppression state. 

[01 1 4] When the apparatus switches to the peak sup- 
55 pression state, the following processing is carried out. 
Acontrol signal is sent from the peak detector 503 to the 
IFFT section 106 to have re-generation of the OFDM 
signal for the symbol in which peak power exceeded the 
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threshold value performed, and a control signal is sent 
from the peak detector 503 to the peak suppression sig- 
nal generator 108 to have a peak suppression signal 
generated. 

[0115] On receiving the above-described control sig- 
nal, the peak suppression signal generator 108 per- 
forms generation of a peak suppression signal to switch 
504 through switch 507. This peak suppression signal 
is of the same kind as that in Embodiment 1 , and a de- 
tailed description thereof will be omitted here. 
[0116] In addition, the compensation carrier determi- 
nation section 502 is notified by the peak detector 503 
of the fact that peak power exceeding the threshold val- 
ue has occurred in the OFDM signal generated by the 
IFFT section 106. 

[0117] On receiving this notification, the compensa- 
tion carrier determination section 502 performs control 
so that one of switches 504 through 507 (here, for ex- 
ample, switch 504) outputs the peak suppression signal 
from the peak suppression signal generator 108 to the 
IFFT section 106 instead of first-stream transmit data. 
[01 1 8] Following this, an OFDM signal for the symbol 
in which peak power exceeding the threshold value oc- 
curred in the peak detector 503 is generated by the IFFT 
section 1 06. That is to say, an OFDM signal is generated 
in which a peak suppression signal is superimposed on 
the first subcarrier, and second-stream transmit data 
through fourth-stream transmit data are superimposed, 
respectively, on the second subcarrier through fourth 
subcarrier. The effect due to the peak suppression sig- 
nal in IFFT computation is of the same kind as in Em- 
bodiment 1, and a detailed description thereof will be 
omitted here. 

[01 1 9] For the OFDM signal re-generated by the IFFT 
section 106, the peak detector 503 detects whether or 
not peak power exceeding the threshold value has oc- 
curred, as described above. If peak power exceeding 
the threshold value has not occurred in the re-generated 
OFDM signal, this re-generated OFDM signal is sent to 
the D/A converter 110. 

[0120] If, on the other hand, peak power exceeding 
the threshold value still occurs in the re-generated 
OFDM signal, a control signal is again sent from the 
peak detector 503 to the IFFT section 106 to have re- 
generation of the OFDM signal for the above-described 
symbol carried out, and a control signal is sent again 
from the peak detector 503 to the peak suppression sig- 
nal generator 108 to have a peak suppression signal 
output to switch 504 through switch 507. At this time, 
the first repetition count for OFDM signal re-generation 
is incremented in the peak detector 503. 
[0121] On receiving this control signal, the peak sup- 
pression signal generator 108 again performs genera- 
tion of a peak suppression signal to switch 504 through 
switch 507. At this time, an appropriate signal different 
from the above-mentioned appropriate signal is gener- 
ated as a peak suppression signal. 
[0122] As a result, in the IFFT section 106 an OFDM 



signal is re-generated for a symbol in which peak power 
exceeding the threshold value occurred by the peak de- 
tector 503 with a new peak suppression signal superim- 
posed on the first subcarrier, and, as described above, 

5 detection is performed for the re-generated OFDM sig- 
nal by the peak detector 503 as to whether or not peak 
power exceeding the threshold value has occurred. 
[0123] Thereafter, the above-described kind of re- 
generation of an OFDM signal for the same symbol is 

10 repeated, replacing the peak suppression signal by a 
different appropriate signal, until peak power exceeding 
the threshold value no longer occurs in the re-generated 
OFDM signal. However, if the first repetition count 
reaches a stipulated value, a control signal is again sent 

15 from the peak detector 503 to the IFFT section 106 to 
have re-generation of the OFDM signal for the above- 
described symbol carried out, and the compensation 
carrier determination section 502 is again notified by the 
peak detector 503 of the fact that peak power exceeding 

20 the threshold value has occurred in the OFDM signal. 
At this time, the second repetition count for OFDM signal 
re-generation is incremented, and the first repetition 
count is reset, in the peak detector 503. 
[0124] On receiving this notification, the compensa- 

25 tion carrier determination section 502 performs control 
so that, this time, one of switches 505 through 507, but 
not switch 504, (here, for example, switch 505) outputs 
the peak suppression signal from the peak suppression 
signal generator 108 to the IFFT section 106 instead of 

30 second-stream transmit data. 

[0125] Following this, the above-described kind of 
OFDM signal re-generation is performed by the IFFT 
section 106, and, as described above, detection is per- 
formed for the re-generated OFDM signal by the peak 

35 detector 503 as to whether or not peak power exceeding 
the threshold value has occurred. 
[0126] Thereafter, the above-described kind of re- 
generation of an OFDM signal for the same symbol is 
repeated, replacing the peak suppression signal by a 

40 different appropriate signal, until peak power exceeding 
the threshold value no longer occurs in the re-generated 
OFDM signal. However, if the first repetition count 
reaches a stipulated value, a control signal is again sent 
from the peak detector 503 to the IFFT section 106 to 

45 have re-generation of the OFDM signal for the above- 
described symbol carried out, and the compensation 
carrier determination section 502 is again notified by the 
peak detector 503 of the fact that peak power exceeding 
the threshold value has occurred in the OFDM signal. 

50 At this time, the second repetition count for OFDM signal 
re-generation is incremented, and the first repetition 
count is reset, in the peak detector 503. 
[0127] Following this, the above-described kind of 
OFDM signal re-generation is repeated, changing the 

55 switch that outputs a peak suppression signal instead 
of an information signal, until peak power exceeding the 
threshold value no longer occurs in the re-generated 
OFDM signal. However, if the second repetition count 
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reaches a stipulated value, the OFDM signal temporarily 
stored in the peak detector 503 is sent to the clipping 
circuit 109. The apparatus then switches from the peak 
suppression state to the normal state. 
[0128] A post-modulation-processing OFDM signal 
transmitted by a transmitting apparatus provided with a 
multicarrier communication apparatus according to this 
embodiment is received by the receiving apparatus 
shown in FIG.6 via the antenna 113. 
[0129] Referring to FIG.6, as described in Embodi- 
ment 1 , signals transmitted by means of the first sub- 
carrier through fourth subcarrier are extracted by having 
a demodulated signal that has been converted to a dig- 
ital signal subjected to FFT processing in the FFT sec- 
tion 205. That is, the first demodulated signal through 
fourth demodulated signal are extracted by the FFT sec- 
tion 205. 

[0130] Among the first demodulated signal through 
fourth demodulated signal transmitted by means of the 
first subcarrier through fourth subcarrier, respectively, 
there is a possibility of the presence of a signal that con- 
tains an error (peak suppression signal) in a symbol for 
which peak power exceeding the threshold value oc- 
curred in the OFDM signal. However, when a certain 
number of errors are permitted (for example, when 
transmit data input to the S/P converter 501 in the trans- 
mitting apparatus shown in FIG. 5 has already under- 
gone error correction coding), after these first through 
fourth demodulated signals have been converted to a 
single signal stream by the P/S converter 208, they be- 
come demodulated data capable of being reproduced 
by undergoing error correction decoding processing. 
[0131] Thus, in this embodiment, subcarriers that 
transmit only peak suppression signals on a fixed basis 
and subcarriers that transmit only information signals 
are not provided, but instead, all subcarriers are provid- 
ed as subcarriers that can transmit both peak suppres- 
sion signals and information signals. 
[0132] Moreover, in the normal state information sig- 
nals are superimposed on all subcarriers, while in the 
peak suppression state a peak suppression signal is su- 
perimposed on one or other of the subcarriers and in- 
formation signals are superimposed on the other sub- 
carriers. 

[0133] According to this kind of configuration, in the 
peak suppression state it is possible to effectively sup- 
press peak power in an OFDM signal by superimposing 
a peak suppression signal on one or other of the sub- 
carriers, and in the normal state it is possible to suppress 
a drop in transmission efficiency by superimposing in- 
formation signals on all subcarriers. 
[0134] In this embodiment a case where the number 
of subcarriers used is four has been described as an 
example, but there is no limit on the number of subcar- 
riers used. Also, in this embodiment a case has been 
described, as an example, where the number of subcar- 
riers on which a peak suppression signal is superim- 
posed at the time of OFDM signal re-generation is one, 



but it is also possible for the number of subcarriers on 
which a peak suppression signal is superimposed to be 
two or more. In this case, peak power in an OFDM signal 
can be further suppressed. 

5 [0135] Moreover, in this embodiment, a case has 
been described, as an example, where, when an OFDM 
signal is re-generated, subcarriers on which a peak sup- 
pression signal is to be superimposed are selected se- 
quentially, and an OFDM signal for which peak power 

10 does not exceed a threshold value is sent to a D/A con- 
verter 110, but the present invention is not limited to this, 
and it is also possible for OFDM signals re-generated 
with peak suppression signals superimposed on all the 
subcarriers to be stored, and the OFDM signal with the 

15 lowest peak power among the stored OFDM signals to 
be sent to the D/A converter 110. By this means it is 
possible to suppress OFDM signal peak power to the 
utmost, and minimize the effect of linear distortion in a 
power amplifier. 

20 

(Embodiment 4) 

[0136] In this embodiment, subcarriers that transmit 
only peak suppression signals on a fixed basis and sub- 

25 carriers that transmit only information signals are not 
provided, but instead, ail subcarriers are provided as 
subcarriers that transmit only information signals, and 
moreover, in the normal state information signals are su- 
perimposed on all subcarriers, while in the peak sup- 

30 pression state information signal transmission is halted 
on a subcarrier selected from among all the subcarriers. 
[0137] A transmitting apparatus provided with a mul- 
ticarrier communication apparatus according to this em- 
bodiment will be described below with reference to FIG. 

35 7. FIG.7 is a block diagram showing the configuration of 
a transmitting apparatus provided with a multicarrier 
communication apparatus according to Embodiment 4 
of the present invention. Parts in FIG.7 identical to those 
in Embodiment 1 (FIG.1) are assigned the same codes 

40 as in FIG.1 and their detailed explanations are omitted. 
[0138] In FIG.7, a peak detector 702, in the same way 
as the peak detector 107 in Embodiment 1, measures 
the power of an OFDM signal from the IFFT section 106 
for each symbol, and detects, for the OFDM signal in 

45 each symbol, whether or not peak power that exceeds 
a threshold value occurs. 

[0139] If peak power exceeding the threshold value 
does not occur in the OFDM signal, the peak detector 
702 sends this OFDM signal for a symbol in which peak 

so power has not occurred to the D/A converter 110. 

[0140] If peak power exceeding the threshold value 
occurs in the OFDM signal, the peak detector 702 tem- 
porarily stores this OFDM signal for a symbol in which 
peak power occurred, notifies a non-transmitting carrier 

55 determination section 701 that peak power exceeding 
the threshold value has occurred, and controls the IFFT 
section 1 06 so as to re-generate an OFDM signal for the 
symbol in which peak power exceeding the threshold 
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value occurred. 

[0141] If peak power exceeding the threshold value 
still occurs in the OFDM signal re-generated by the IFFT 
section 106, the peak detector 702 notifies the non- 
transmitting carrier determination section 701 that peak 
power exceeding the threshold value has occurred, and 
also controls the IFFT section 106 so that re-generation 
of an OFDM signal for the symbol in which peak power 
occurred is continued, until a first repetition count reach- 
es a stipulated number. At this time, when the first rep- 
etition count reaches the stipulated number, the peak 
detector 702 sends the temporarily stored OFDM signal 
for the relevant symbol to the clipping circuit 109. 
[0142] The non-transmitting carrier determination 
section 701 performs switching control for switch 504 
through switch 507 in accordance with the notification 
from the peak detector 702-that is, according to whether 
or not peak power exceeding the threshold value has 
occurred in the OFDM signal generated by the IFFT sec- 
tion 106. 

[0143] The configuration of a receiving apparatus that 
performs radio communications with a transmitting ap- 
paratus provided with a multicarrier communication ap- 
paratus according to this embodiment is the same as 
that described in Embodiment 3 (FIG.6), and a detailed 
description thereof will be omitted here. 
[0144] Next, the operation of a transmitting apparatus 
provided with a multicarrier communication apparatus 
according to this embodiment will be described with ref- 
erence again to FIG.7. The operation of this apparatus 
when in the normal state is similar to that in Embodiment 
3, except that switch 504 through switch 507 are con- 
trolled by the non-transmitting carrier determination sec- 
tion 701 so as to output first-stream through fourth- 
stream transmit data from the S/P converter 501 to the 
IFFT section 106. 

[0145] When the apparatus switches to the peak sup- 
pression state, the following processing is carried out. 
Acontrol signal is sent from the peak detector 702 to the 
IFFT section 106 to have re-generation of the OFDM 
signal for the symbol in which peak power exceeded the 
threshold value performed, and the non-transmitting 
carrier determination section 701 is notified by the peak 
detector 702 of the fact that peak power exceeding the 
threshold value has occurred in the OFDM signal gen- 
erated by the IFFT section 106. 

[0146] On receiving this notification, the non-transmit- 
ting carrier determination section 701 performs control 
so that one of switches 504 through 507 (here, for ex- 
ample, switch 504) halts output of first-stream transmit 
data to the IFFT section 106. 

[0147] Following this, an OFDM signal for the symbol 
in which peak power exceeding the threshold value oc- 
curred in the peak detector 702 is generated by the IFFT 
section 1 06. That is to say, an OFDM signal is generated 
in which second-stream transmit data through fourth- 
stream transmit data are superimposed, respectively, 
on the second subcarrier through fourth subcarrier. 



Here, no signal whatever is superimposed on the first 
subcarrier. In other words, it can be said that a signal 
with an amplitude of generally zero is multiplexed on the 
first subcarrier. 
5 [0148] Forthe OFDM signal re-generated by the IFFT 
section 106, the peak detector 702 detects whether or 
not peak power exceeding the threshold value has oc- 
curred, in the same way as in Embodiment 1. If peak 
power exceeding the threshold value has not occurred 
in the re-generated OFDM signal, this re-generated 
OFDM signal is sent to the D/A converter 110. If, on the 
other hand, peak power exceeding the threshold value 
still occurs in the re-generated OFDM signal, a control 
signal is again sent from the peak detector 702 to the 
IFFT section 106 to have re-generation of the OFDM 
signal for the above-described symbol carried out, and 
the non-transmitting carrier determination section 701 
is again notified by the peak detector 702 of the fact that 
peak power exceeding the threshold value has occurred 
in the OFDM signal generated by the IFFT section 106. 
At this time, the first repetition count for OFDM signal 
re-generation is incremented in the peak detector 702. 
[0149] On receiving this notification, the non-transmit- 
ting carrier determination section 701 performs control 
so that, this time, one of switches 505 through 507, but 
not switch 504, (here, for example, switch 505) halts out- 
put of second-stream transmit data to the IFFT section 
106. 

[0150] Following this, the above-described kind of 
OFDM signal re-generation is performed by the IFFT 
section 106, and, as described above, detection is per- 
formed for the re-generated OFDM signal by the peak 
detector 702 as to whether or not peak power exceeding 
the threshold value has occurred. 
[0151] Thereafter, the above-described kind of re- 
generation of an OFDM signal for the same symbol is 
repeated, changing the switch that halts the output of 
information signal to the IFFT section 106, until peak 
power exceeding the threshold value no longer occurs 
in the re-generated OFDM signal. However, if the 
above-mentioned first repetition count reaches a stipu- 
lated value, the OFDM signal temporarily stored in the 
peak detector 702 is sent to the clipping circuit 1 09. The 
apparatus then switches from the peak suppression 
state to the normal state. 

[0152] A post-modulation-processing OFDM signal 
transmitted by a transmitting apparatus provided with a 
multicarrier communication apparatus according to this 
embodiment is received by the receiving apparatus 
shown in FIG.6 via the antenna 113. 
[0153] Referring to FIG.6, as described in Embodi- 
ment 1 , signals transmitted by means of the first sub- 
carrier through fourth subcarrier are extracted by having 
a demodulated signal that has been converted to a dig- 
ital signal subjected to FFT processing in the FFT sec- 
tion 205. That is, the first demodulated signal through 
fourth demodulated signal are extracted by the FFT sec- 
tion 205. 
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[0154] Among the first demodulated signal through 
fourth demodulated signal transmitted by means of the 
first subcarrier through fourth subcarrier, respectively, 
there is a possibility of the presence of a signal that does 
not contain an information signal in a symbol for which 5 
peak power exceeding the threshold value occurred in 
the OFDM signal. However, when a certain number of 
errors are permitted (for example, when transmit data 
input to the S/P converter 501 in the transmitting appa- 
ratus shown in FIG. 7 has already undergone error cor- io 
rection coding), after these first through fourth demod- 
ulated signals have been converted to a single signal 
stream by the P/S converter 208, they become demod- 
ulated data capable of being reproduced by undergoing 
error correction decoding processing. 15 
[0155] Thus, in this embodiment, subcarriers that 
transmit only peak suppression signals on a fixed basis 
and subcarriers that transmit only information signals 
are not provided, but instead, all subcarriers are provid- 
ed as subcarriers that transmit only information signals. 20 
[0156] Moreover, in the normal state information sig- 
nals are superimposed on all subcarriers, while in the 
peak suppression state information signal transmission 
is halted on a subcarrier selected from among all the 
subcarriers. 25 
[0157] According to this kind of configuration, in the 
peak suppression state it is possible to effectively sup- 
press peak power in an OFDM signal by halting infor- 
mation signal transmission on one or other of the sub- 
carriers, and in the normal state it is possible to suppress 30 
a drop in transmission efficiency by superimposing in- 
formation signals on all subcarriers. 
[0158] In this embodiment a case where the number 
of subcarriers used is four has been described as an 
example, but there is no limit on the number of subcar- 35 
riers used. Also, in this embodiment a case has been 
described, as an example, where the number of subcar- 
riers on which an information signal is not superimposed 
at the time of OFDM signal re-generation is one, but it 
is also possible for the number of subcarriers on which 40 
an information signal is not superimposed to be two or 
more. In this case, peak power in an OFDM signal can 
be further suppressed. 

[0159] In this embodiment, a case has been de- 
scribed, as an example, where, when an OFDM signal 45 
is re-generated, subcarriers on which information signal 
transmission is to be halted are selected sequentially, 
and an OFDM signal for which peak power does not ex- 
ceed a threshold value is sent to a D/A converter 110, 
but the present invention is not limited to this, and it is so 
also possible for OFDM signals re-generated when in- 
formation signal transmission is halted on each of the 
subcarriers to be stored, and the OFDM signal with the 
lowest peak power among the stored OFDM signals to 
be sent to the D/A converter 110. By this means it is 55 
possible to suppress OFDM signal peak power to the 
utmost, and minimize the effect of linear distortion in a 
power amplifier. 



[0160] In above Embodiments 1 through 4, a case has 
been described where, when peak power still occurs de- 
spite OFDM signal re-generation, the OFDM signal for 
the relevant symbol stored by a peak detector (that is, 
the initially generated OFDM signal), and not the regen- 
erated OFDM signal for the relevant symbol, undergoes 
clipping processing by a clipping circuit 109 and is sent 
to a D/A converter 110. This is because the present in- 
ventors have noted that whereas a re-generated OFDM 
signal is a signal generated with a peak suppression sig- 
nal or a signal with an amplitude of generally zero, etc., 
superimposed on a predetermined subcarrier, an OFDM 
signal for the relevant symbol stored by a peak detector 
is a signal generated without a peak suppression signal 
or a signal with an amplitude of generally zero, etc., su- 
perimposed. That is to say, the present inventors have 
noted that a signal resulting from clipping processing of 
an initially generated OFDM signal is of better quality 
than a signal resulting from clipping processing of a re- 
generated OFDM signal. As a result, the quality of a re- 
ceived signal on the receiving apparatus side is good. 
[0161] In above Embodiment 1 and Embodiment 2, a 
case has been described, as an example, where, in or- 
der to unify the rate of each stream of transmit data input 
to the IFFT section 106, of the streams of transmit data 
output from the S/P converter 101, transmit data on 
which error correction coding is performed is given a low 
rate. However, if a method is used whereby the transmit 
data rate does not change after error correction coding 
(such as a trellis coding modulation method, for exam- 
ple), it is possible for the rates of all the streams of trans- 
mit data output from the S/P converter 101 to be made 
a standard rate. 

[0162] A transmitting apparatus provided with a mul- 
ticarrier communication apparatus and a receiving ap- 
paratus that performs radio communications with this re- 
ceiving apparatus described in above Embodiments 1 
through 4 can be installed in a communication terminal 
apparatus or base station apparatus in a digital mobile 
communication system. 

[0163] As will be clear to those skilled in the art, the 
present invention can be implemented using a digital 
computer or microprocessor available on the general 
market that is programmed in accordance with the tech- 
niques described in the above embodiments. As will be 
clear to those skilled in the art, the present invention in- 
cludes a computer program created by a person or per- 
sons skilled in the art based on the techniques described 
in the above-described embodiments. 
[0164] A computer program product which is a record- 
ing medium containing instructions that can be used to 
program a computer that implements the present inven- 
tion is included within the scope of the present invention. 
This recording medium corresponds to a disk such as a 
floppy disk, optical disk, CD-ROM, or magnetic disk, or 
ROM, RAM, EPROM, EEPROM, a magneto-optical 
card, memory card, DVD, or the like, but is not limited 
to these in particular. 
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[0165] As described above, according to the present 
invention it is possible to provide a multicarrier commu- 
nication apparatus that superimposes information sig- 
nals on all carrier waves when peak power does not oc- 
cur in a multicarrier signal, and superimposes a signal 
for suppressing peak power instead of an information 
signal on a specific carrier wave among all carrier waves 
when peak power occurs in a multicarrier signal, thereby 
suppressing peak power while also suppressing a drop 
in transmission efficiency. 

[0166] This application is based on Japanese Patent 
Application No. 2000-158561 filed on May 29, 2000, en- 
tire content of which is expressly incorporated by refer- 
ence herein. 

Industrial Applicability 

[0167] The present invention is suitable for use in the 
field of multicarrier transmission method communication 
apparatuses and more particularly in the field of multi- 
carrier transmission method communication apparatus- 
es that suppress peak power. 

Claims 

1. A multicarrier communication apparatus compris- 
ing: 

converting means for converting a single infor- 
mation signal stream to a plurality of streams 
of information signals; 

generating means for generating a multicarrier 
signal by superimposing a plurality of streams 
of information signals respectively on stream- 
specific carrier waves; 

peak power detecting means for detecting peak 
power of said multicarrier signal; and 
re-generating means for, when said peak pow- 
er exceeds a threshold value, superimposing a 
signal for suppressing peak power instead of 
an information signal on a specific carrier wave 
among said carrier waves and re-generating 
the multicarrier signal at the time said peak 
power exceeded the threshold value. 

2. The multicarrier communication apparatus accord- 
ing to claim 1 , wherein(:) said converting means ex- 
ecutes error correction coding processing on an in- 
formation signal of a predetermined stream among 
said plurality of streams of information signals; and 

said generating means superimposes the in- 
formation signal of each stream subjected to error 
correction coding processing on a stream-specific 
specific carrier wave. 

3. The multicarrier communication apparatus accord- 
ing to claim 1 , wherein said re-generating means 



converting means for converting a single infor- 
mation signal stream to a plurality of streams 
of information signals; 

generating means for generating a multicarrier 
signal by superimposing a plurality of streams 
of information signals respectively on stream- 
specific carrier waves; 

peak power detecting means for detecting peak 
power of said multicarrier signal; and 
re-generating means for, when said peak pow- 
er exceeds a threshold value, superimposing a 
signal for suppressing peak power instead of 
an information signal on a specific carrier wave 
among said carrier waves and re-generating 
the multicarrier signal at the time said peak 
power exceeded the threshold value. 

9. A base station apparatus provided with a multicar- 
55 rier communication apparatus, said multicarrier 
communication apparatus comprising: 

converting means for converting a single infor- 



uses at least one carrier wave selected from among 
all carrier waves as a specific carrier wave. 

4. The multicarrier communication apparatus accord- 
ing to claim 1, wherein said re-generating means 
uses a random signal as a signal for suppressing 
peak power. 

5. The multicarrier communication apparatus accord- 
w ing to claim 1 wherein: 

said re-generating means uses a signal for 
which amplitude and phase are limited as a sig- 
nal for suppressing peak power; and 
*5 said re-generating means comprises storing 

means for storing multicarrier signal generation 
results computed beforehand, and re-gener- 
ates a multicarrier signal using said stored gen- 
eration results. 

20 

6. The multicarrier communication apparatus accord- 
ing to claim 1 , wherein said re-generating means 
uses a signal for which amplitude is generally zero 
as a signal for suppressing peak power. 

25 

7. The multicarrier communication apparatus accord- 
ing to claim 1 , further comprising clipping means for 
performing clipping processing on a multicarrier sig- 
nal for which peak power exceeds a threshold value 

30 among multicarrier signals generated by said gen- 
erating means.. 

8. A communication terminal apparatus provided with 
a multicarrier communication apparatus, said mul- 

35 ticarrier communication apparatus comprising: 
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mation signal stream to a plurality of streams 
of information signals; 

generating means for generating a multicarrier 
signal by superimposing a plurality of streams 
of information signals respectively on stream- 5 
specific carrier waves; 

peak power detecting means for detecting peak 
power of said multicarrier signal; and 
re-generating means for, when said peak pow- 
er exceeds a threshold value, superimposing a to 
signal for suppressing peak power instead of 
an information signal on a specific carrier wave 
among said carrier waves and re-generating 
the multicarrier signal at the time said peak 
power exceeded the threshold value. 15 

10. A multicarrier communication method comprising: 

a converting step of converting a single infor- 
mation signal stream to a plurality of streams 20 
of information signals; 

a generating step of generating a multicarrier 
signal by superimposing a plurality of streams 
of information signals respectively on stream- 
specific carrier waves; 25 
a peak power detecting step of detecting peak 
power of said multicarrier signal; and 
a re-generating step of, when said peak power 
exceeds a threshold value, superimposing a 
signal for suppressing peak power instead of 30 
an information signal on a specific carrier wave 
among said carrier waves and re-generating 
the multicarrier signal at the time said peak 
power exceeded the threshold value. 



16 



EP 1 198 088 A1 




17 



EP 1 198 088 A1 



O 
CM 



CO 

o 

CNJ 



CM 



p 

CM 



o: 

LU 
\ LU 

^§ 

o 
o 



in 
o 

CM 



T 



lZ O 

LU 
CO 



CO 
O 
CM 



z 

O C3 
PODr 

O 



CO 

o 

CM 



o a 

OOQr 

O 



-J LU 
IU — II- 

zJ<cr 

J5 LU> 

< O 

a o 



T 



a 

§ 

Q 
O 



18 



EP 1 198 088 A1 



UJ 

P 



Lit 

2 
P 



CO 



CM 

CO 



CO 

CO 



CO 



} 



o 

CD 

>- 
CO 

UJ 

z: 
o 



oc 

UJ 

2 

DC 
< 
O 

z 
o 

1 

UJ 
CL 

O 
O 

cr 

UJ 

2 

DC 
< 
O 
CD 
3 
CO 

h- 

co 
oc 

C 



a: 

UJ 

2 
a: 
< 
o 

CO 

co 

Q 
O 

o 

UJ 

co 



cr 

UJ 

2 

oc 
< 
O 

CD 
3 
CO 

a 
en 

x 



cr 

UJ 

a: 
< 
o 

o 

g 

CO 

z 

UJ 
CL 

O 

o 
cr 

UJ 

2 
cc 
< 
o 

CO 

CO 
X 

o 



< 

CO 

d 
cr 



















































L 














St! 




CM 

CO 




S3 



















































liji 



} 



O 
CD 

>- 

CO 
UJ 



CO 
CO 

d 



CSC 
UJ 

2 

DC 
< 
O 

z 
o 

CO 

UJ 
0- 

O 
O 

QC 
UJ 

2 
a: 
< 
o 

CD 
3 
CO 

to 

DC 

E 



cr 

UJ 

2 
cr 
< 
o 

CO 
CO 



o 
o 

UJ 
CO 



DC 
UJ 

2 
cr 
< 
o 

CD 
3 
CO 

a 

DC 
X 



DC 
UJ 

2 

DC 
< 

o 
o 
< 

CO 



o 
o 

DC 
UJ 

2 

DC 

< 
o 

CD 
3 
CO 

X 

3 
O 



19 



EP1 198 088 A1 




20 



EP 1 198 088 A1 




lO 

d 

LJU 



21 



EP 1 198 088 A1 




22 



EP1 198 088 A1 




23 



EP1 198 088 A1 



INTERNATIONAL SEARCH REPORT 



Inmmflrional application No. 

PCT/JP01/02461 



A. CLASSIFICATION OP SUBJECT MATTER 
Int. CI 7 H04J11/00, H04J1/00 



According to International Patent Classification (IPC) or to bath national classification and IPC 



B. HELPS SEARCHED 



Minimum documentation searched (clasnficalioa system followed by classification symbols) 
Int. CI 7 H04J11/00, H04J1/00 



Documentation searched other than minimum documentation to the extent that such documenta ore incFuded fn the fields searched 
Jitsuyo Shinan Koho 1926-2000 
Kokai Jiteuyo Shinan Koho 1971-2000 



Electronic data base consulted during foe international search (name of dot* base end, where practicable, search term* used) 



C DOCUMENTS CONSIDERED TO BB RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



EP, 932285, A2 (Kabushiki Kaieha Toshiba) , 

28 JUly, 1999 (28.07.99), 

Pig.l 

& JP, 11-275044, A (Toshiba Corporation), 
08 October, 1999 (08.10.99), 
Pig. 1 



Relevant to claim No. 



JP, 11-205276, A (Nippon Talegr. & Teleph. 
30 July, 1999 (30.07.99), 

Fig. l 



Corp. <NTT>) j 



1-10 



1-10 



Xiaodong Li and Leonard J. Cimini, t Jr., "Effects of 
Clipping and Filtering on the Performance of OFDM" , 
04 May, 1997 (04.05.97), 

Vehicular Technology Conference, (1997), IEEE 47 th , 
pages 1634 to 1638 

JP, 11-234229, A (NEC Saitama Ltd.), 
27 August, 1999 (27.08.99), 
Pig. 1 



j"H Further documents are listed in the continuation of Box C. Q Sec patent family annex. 



* Special categories of cited documents: 

■A* document defining the general state of the art which is cot 

considered to be of particular relevance 
*£* earlier document but published on or after the international filing 

data 

"X" document which may throw doubts on priority clslm(i) or which is 
cited to establish the publication date of another citation or other 
speoiol reason (u speo tfiod) 

"O* dooumoot referring to an oral dtadoeura, tua, exhibition or other 



"P" document published prior to the intsmanoonl filing date hot lotar 
Chan the priority data claimed 



T* later document published oAcr (be international filing date or 
priority data and rot In conflict with the appltcatfoa but cited to 
understand the principle or theory toirferlving toe invention 

"X* document of particular relevance; the claimed Invention canaotbe 
considered novel or cannot bo considered to involve an inventive 
step when the document is token alone 

*Y" document of particular relevance; the claimed Invention cannot bo 
considered to inrelva an Inventive step when the document is 
combined with cue or more other such documents, such 
combination belag obvious to a person skilled in the ait 

"4t* document member of the same patent family 



Date of the actual completion of the international acarch 
30 May, 2001 (30.05.01) 



Date of mailing of the international search report 
12 June, 2001 (12.06.01) 



Name find mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No, 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



24 



